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By K e n q e t h  L. W a i n  and John A. Raraaen 

Tank results are presented for We-off tests with a powered dynamic 
model of 8 hypothetical jet-propelled high-speed airplane fitted v i t h  
NACA hydro-skis aad ham flush turbojet intakes on the upper part of 
the fuselage near the nose. The poesibili- of making take-off's without 
spray entering the intakee, the effect of turbojet air inflow on the 
tendency of spray to enter the intakes, and the effect of Jet  power on 
t r im were investigated. It was concluded that take-offa can be made 
without spray entering  the fntakee by the ~ZBQ of very emall longitudfnal 
s t r ipa.  The tendency of the turbojet air inflaw t o  draw spray  into 
the intakes is sliat. Jet parer increased trime during the high- 
speed part of tihe take-off run- 

The results of t h e  investigation of retractable planing surfaces, 
called hydro-skis, used to support high-speed jet-propelled waterbased 
airplanes during the high-speed par ts  of their  take-off and landing 
run8 were preeanted in referaace 1. One of the questions  presented in 
t h i s  reference was that of the possibility of making take-offs without 
apray entering the turbojet air intakes. An lnvestigatim of that 
possibility 1s covered in this  paper. 

In the  present  inve8tigatlan, the effect of air i n f l o w  m the 
tendency of spray t o  enter turbojet frit-8 and the effect of Jet 
power on trim were determined in Langley tank no. 2 during October 1947. 
Tests were made using a 12-size Jet-powered dynamfc model of a hypo- 

thetical transonic  airplane which had twin flush intakes on the upper 
part of the fusela- near the nose. The airplane is described in 
reference 2 
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The ccmfiguratim of the d e l  and skis was the same a8 that 
reported i n  reference 1 except that the new model included a Jet  duct- 
eystem and an eJector operated by compreseed air, t o  prodme both Jet 
thrust and air inflow. Thia ccrnfiguratlon is shown in figures 1 and 2, 
and the Jet power plant l e  ehown in  figure 3 .  Strips of various  tspee 
a i d  lengthe %rem installed ae ehown in figure 4. 

Teste were made at canstant speeds both with power and without 
power. T r i m  of the model and r i s e  of the  center of gravi ty  were 
meaeured. Photographs were taken of the powered model with and without 
s t r ips  installed. A top view of the intakea i a  included in these photo- 
graph8.b~ mans of a mirror. 

The setup  for  the t e s t 8 . i ~  ehuwn in figure 5,  with the model 
floatlng at  take-off weight. The model wae towed fram i t a  center of 
gravfty about which it wae free to t r i m .  The model was also free  to 
r i s e .  Flaps wewe aet at  0' for speed8 below ski emergence and 
deflected 20° for  speeds above s k i  emergence . The elevator8 were 
deflected up 30° because the controls could not be varied during the 
tea t  runs, ,and thie  poeit im of the elevators gave practical trims 
near take-off speed . 

For the  testa with power, compressed air fo r  the Jet unit W ~ E Y  
supplied by a hose which can be 8em in figure 5 .  This installation, 
with normal operating pressure in the hose but x f th  no air flow, was 
determined to have no measurable effect an the trim and rise of the 
model. 

The method of meaguring air l n f l o w  fn the ducts coaaieted of 
measuring the  static pressure at a point in m e  of the ducts (eee 
f ig .  3) close enough t o  the  inlet  80 that the loseee ahead of the 
station could be neglected and atmospheric preseure could be cm- 
sidered t o  be the total preasure at the memuring station. 

The dynamic pressure q of the air  In the duct waa cmputed f r o m  
the  relation 

where pt is the total p r e E m e ,  and p, l e  the s ta t ic  preesure in the 
duct. The air velocity V was computed fkm this dynamic pressure 
ueing the air density p corresponding to  the  static preasure in  the 
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duct and the temperature of t h e  sumomding air. The inf low of air 
per duct W in pound8 per second w&s computed from the relation 

where A is the area  of the dwt at  the meaeuring statinn and g is 
the  acceleration dub t o  gravity. The empirical  canstant 0.9 was 
assumed as a correction for  the nonuniformity of velocity  distribution . 
e~cross the duct. The mss f low meaeured by thia method is  believed to 
be within e percent of the actual value. 

The turbojet thrust for  the hypothetical airplane was assumed t o  
be 3OOO pounds (1.74 13, model size) . The thrust line  is through the 
center of gra.vity used in these t e s t s .  The total atr i n f l o w  at  full 
thrnst for  a typical  turbojet unit of this rating is about 55 .O ,pomd~ 
per second ( 0  .ll lb/sec, model eize) . The actual values obtained  during 
the @el t e s t e  were 1.91 gorolds thrust and 0 .I02 pond per second air 
inflow. 

Some differences w e r e  found t o  exist  b e h e n  the data presantsd in 
reference I and the data obtainea by the  tests without power covered in  
this paper, evm though the configur'atiane were thought to be identical. 
lhpubliehed results of t ee t s  made to determine the cause of these 
differences showed that they were due to deformations which mcumed to 
the model reported in reference 1. Deformation did not occur t o  the 
model reported in thia paper 8 8  it was of attxrdier  coslatructlon. 

Sequence photographs eharing powered take-off's of the model are 
presented ae figure 6 .  Without strips,  spray antered the ducts Over 
the speed range of 15 t o  30 miles per hour (Rzll a i m )  . The spray 
entering  the duct8 fn the low-speed range.clung to the  sides of the 
fuselage until it entered the  ducts. Whfle this spray was readily 
observable, it w&8 d i f f i cu l t   t o  photograph. Therefore the photographs 
of figure 7 were retouched to i l l u s t r a t e  more clear ly   this  epray con- 
dition. Only a f e w  stray drops atered the ducts during the tl-ansitiazl 
when the skis emerged frnm the water (33  mph, full s ize)  . No spray 
entered the ducts at  speeds above that of emcsrgence. 

In order t o  m i v e  at a type of s t r ip  that would be m a l l  and 
would keep the spray clear of the ducts, several types vere  tested. 
These s t r ips  are shown In figure 4 fn the order  tested. 
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With the short st r ips  (type la) installed, spray came over the 
forward and of the   s t r ips  and entered the ducts at 15 miles per hour (full 
s i z e ) .  The stripe, however, kept the spray clear a t  higher w e d s  up t o  
25 miles per hour (full size). Fram t h i s  speed to the emergence speed, 
spray entered the aft portion of the  ducta. E x t e n s i o n  of the strips fore 
and aft (type 2a) kept the spray clear of t h e  intakee  except f o r  t h e  speed 
range f rnm 25 to 30 miles per hour (full s i z e ) ,  In th i l s  speed range 
may wa8 drawn into the aft porticm of the duct with the power on but d i d  
not enter with the power off although the  spray  did come v e q  close to 
the intakes. The s t r ip  was then rotated  to make its lower surface 
normsl t o  the fuselage  (type 2b). With thia arrmgement the spray was 
kept clear of the intakes even with  the power on. In an effort  to find 
the  amallest  practical stripe, types  2c and 2d w e r e  installed. The 
type 2c strlps,  which  were only  3/4 inch wide full size, were effective 
in  keeping the spray clear of the  ducts. The typ 2d etrips deflected 
the spray to some extent, but amall amounts still entered the  ducts a t  
speeds around 30 miles per hour (full size) even wlth the p w e r  off.  

O f  all the strips  tested, tspe PC was found t o  be the smallest 
type which kept the spray clear of the ducts with power an. With these 
etripe installed, the  spray was directed dam and awrq from the model 
so it dfd not enter the ducts durlng the c r i t i ca l  speed range of 
15 to 30 miles per hour.  (See figs. 6 and 7.) These abrupt s t r ips  
were more effective than the sloping type 2a s t r ips  even though t h e  
sloping s t r ips  extended 4.0 percent.f&rther from the fuselage. 

There was no apparent  difference In the spray near the intabs for 
runs made w i t h  and without power at speeds below 15 miles per hour (full 
size).  However, frum t h i s  awed t o  the emergence speed, the  inflow 
caused by qplying power naade it necessary t o  extend the strips  slfghtly 
farther af't t hen  WBB required when no power w a s  applied. W s  extension 
x88 n e c e s s w  t o  prevent the epray fram being drawn into the ducts. 

The s t r ip s  used t o  keep spray clear of the ducts had no measurable 
effect on trim. 

The type 2c etr ips  which kept the rrpray clear of the  intakes were 
EO small that their aerodynamic effect  should be negligible, making 
retraction unnecessary. 

The effect of Jet  power on trim and r i s e  is shown i n  figure 8. 
Power fncreased trim approximately 2O at  speeds above the speed at 
whkh the skis emerged. The cause of t h i s  change in trim was not 
determined, but it- appears to be an aerodynamic rather .than eb hydro- 
dynamic effect. 

Although take-off stabi l i ty  limits were not determined, the 
application of power had no noticeable  effect on stabi l i ty .  All take- 
off runs were stable. 
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CONCLUSIONS 
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Tests wTth EL jet-pot;ered dynamic model of a hypothetical high-speed 
airplane fitted wlth hydro-ski8 and having flush turbojet-intakes an the 
upper part of the fuselage indicate the following conclusicma: 

I. Very Bmall longitudinal strips ( o n l y  3/4 in. wide, full s i z e )  
are required to keep spray from entering the Jet intakes during take-off. 

2. The tendency of the turbojet air inflow t o  draw spray  fnto the 
intakes is slight. 

3 .  J e t  paper  increased trime approxtmately 2O durfng t h e  high- 
speed part  of the --off run. 

1. Daw~on, John R., and Wadlin, Kemeth L- : PrelimFnary Tank Tests of 
NACA HydroSkia fo r  High-speed Airplanes NPd=A RM No. L7104,  1947. 

2. Kbg, Douglasr A. : Teats of the Undhg on Water of a Model of a 
HighSpeed Airplane - Lesgley Tank Model 229. NACA RM 
NO L7105,  1947. 
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Figure 1.- Drawing of model fltted with NACA hydro-skis. (Dimensions 
are feet, full size; and inches, model size.) 

. . . . .  



Figure 2.- Photograph of model fitted with NACA hydro-slds. - 
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Figure 3.- Model jet unit details, (Dimensions are inches, model size.) 



10 

I. 

la .  

e. 

Figure 4.- Details of strips tested. (Dimensions are feet, full size; . 
and inches, model size. 







At rest 1.4 mph 

without strips 

28 mph 

At rest 14 mph 

With Qpe 2c strips 

28 mph 

Figure 6. - Sequence photographs of typical powered "off runs with and without strips - installed. ( S p e e d s  are full size.) 
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33 mph 70 mph 

Without strips 

130 mph 

33 mph 70 mph 

with type 2c strips 

Figure 6.- Concluded. 
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Figure 7.- 
.I 

Without Strips 

With type 2c strips . 

Retouched photographs of critical spray condition (28 mph, full size). 
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Figure 8. - Eifeot of Jet  power on trim and rise. 




